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ABSTRACT

Monoallelic KIF'/] variants are associated with Mi-
crocephaly with or without Chorioretinopathy, Lymph-
edema, or Impaired Intellectual Development (MCLMR)
(OMIM: 152950). This study presents seven patients from two
distinct families, exhibiting extreme clinical heterogeneity,
along with novel clinical findings and genetic variants. Patient
1 presented with learning difficulties, epilepsy, behavioral
abnormalities, and various ocular anomalies, in addition to mi-
crocephaly and facial dysmorphism. Patient 2 was prenatally
diagnosed with dorsal pedal edema, which was confirmed
postnatally, alongside facial dysmorphic features and the need
for craniosynostosis surgery at four months. Peripheral blood
samples were obtained for DNA isolation, and Whole Exome
Sequencing (WES) was performed for molecular analysis.
Whole-exome sequencing (WES) revealed a de novo hetero-
zygous frameshift variant in the K/F'/1 gene (NM_ 004523 .4:
€.2224 2225del; p. Asn742TyrfsTer6) in patient 1, and a novel
heterozygous frameshift variant (NM_004523.4: ¢.2946dup;
p. Leu983SerfsTer6) in the same gene in patient 2. Segregation
analysis demonstrated that Patient 2’s variant was inherited
from the mother and was also present in the maternal grand-
mother, sister, and two aunts. Our findings highlight the broad
clinical heterogeneity of MCLMR syndrome, as Patient 1
exhibited keratoconus, optic nerve hypoplasia, behavioral
problems, and seizures, which are rarely reported. Addition-
ally, Patient 2 represents the first documented patient of pre-
natal lymphedema detection in MCLMR syndrome. Further-
more, craniosynostosis, identified in two patients (P2 and P5),
has not been previously described, suggesting a potential novel
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phenotypic feature. These findings expand the genotypic and
phenotypic spectrum of K/F'1]-related disease.
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INTRODUCTION

Microcephaly with or without Chorioretinopathy,
Lymphedema, or Impaired Intellectual Development
(MCLMR, OMIM:152950) is a rare autosomal dominant
disorder caused by pathogenic K/F'/1 variants. The condi-
tion is characterized by microcephaly, ocular anomalies
(including chorioretinopathy), congenital lymphedema
affecting the lower extremities, and mild to moderate intel-
lectual disability [1-5]. Distinctive dysmorphic facial fea-
tures include upward-slanting palpebral fissures, a broad
nasal tip, a long philtrum with a thin upper lip, a prominent
chin, and prominent ears [1-3, 6, 7].

Additional less commonly reported clinical manifes-
tations include optic nerve abnormalities [3], amblyopia
[8], microphthalmia [9], retinal detachment [3, 8], cata-
racts, glaucoma [3], atrial septal defect [2], seizures [3], at-
tention deficit hyperactivity disorder (ADHD), and behav-
ioral disturbances, indicating multisystemic involvement.

The most frequently reported clinical features
in KIF11-associated MCLMR syndrome are congenital
microcephaly of varying severity and chorioretinal ab-
normalities. However, incomplete penetrance and variable
expressivity are well documented [2, 5, 10].

The KIF11 gene, located on chromosome 10q23.33,
encodes EGS5, a mitotic kinesin motor protein essential
for bipolar mitotic spindle formation and maintenance dur-
ing cell division [11-13]. EGS5 is a homotetrameric kinesin
containing a microtubule-binding region, an ATP-binding
domain with ATPase activity, and a motor domain respon-
sible for tetramerization [14].
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As of October 19, 2024, the ClinVar database lists 140
pathogenic or likely pathogenic KIF/] variants, includ-
ing 39 nonsense, 7 missense, 72 frameshift, and 22 splice-
site variants (ClinVar, https://www.ncbi.nlm.nih.gov/clin-
var/ ). These variants are distributed throughout the gene.

This study presents a family with a K/F'// variant
identified in six members, including the proband, de-
tected through prenatal diagnosis of isolated dorsal pedal
edema, as well as a de novo variant in a separate patient
exhibiting other syndromic features without lymphedema.

MATERIALS AND METHODS

Written informed consent was obtained from the
probands and their families for participation in this study
and genetic analysis. A clinical geneticist evaluated all
probands and their families. Genomic DNA was extracted
from peripheral blood using the QIAamp DNA Blood
Mini QIAcube Kit (Qiagen, Hilden, Germany) following
the manufacturer’s protocol. Whole-exome sequencing
(WES) was performed to sequence all coding regions of
the human genome to 150 bp paired ends using the Il-
lumina NovaSeq platform and the Agilent SureSelect V5
kit (Agilent, Santa Clara, CA, USA). Raw sequencing
data were analyzed using the Qiagen Clinical Insight data
analysis platform. Variants were classified according to
the American College of Medical Genetics and Genom-
ics (ACMG) guidelines. Candidate variants potentially
explaining the observed phenotype were validated using
Sanger sequencing on the ABI PRISM® 3500xL Genetic
Analyzer (Applied Biosystems, Foster City, CA, USA),
followed by segregation analysis in the probands and their
parents.

RESULTS

Patient 1

Patient 1 is a 7-year-old female, born to non-consan-
guineous, healthy parents at 36 weeks of gestation due
to oligohydramnios, with a birth weight of 2600 g. She has
been under clinical follow-up for five years due to learning
difficulties, epilepsy, and behavioral abnormalities. At two
years of age, she experienced two afebrile seizures occur-
ring six months apart. Under antiepileptic treatment, she
has remained seizure-free for the past five years. Following
the onset of seizures, she exhibited increased aggressive
behavior, for which she underwent play therapy (Table 1).
Additionally, she has received special education due to
her learning difficulties.

Her medical history is notable for high-grade myopia,
astigmatism, bilateral staphyloma, optic nerve hypoplasia, and
keratoconus, requiring two surgical interventions (Table 1).

At 7 years and 3 months of age, her physical examina-
tion revealed a height of 123 cm (-0.66 SDS), a weight of
26 kg (0.09 SDS), and a head circumference of 47.5 cm
(-3 SDS). Dysmorphological assessment identified micro-
cephaly, sloping forehead, synophrys, bilateral esotropia,
retrognathia, and fifth-finger clinodactyly (Table 1).

Systemic evaluations, including echocardiography
(ECHO), electroencephalography (EEG), abdominal ultra-
sonography (USG), and hearing assessments, yielded nor-
mal results. Ophthalmologic examination revealed -10
diopters of myopia, -4.5 diopters of astigmatism, and
bilateral keratoconus (Table 1). Orbital magnetic reso-
nance imaging (MRI) demonstrated findings consistent
with bilateral staphyloma, while brain MRI revealed optic
nerve thinning and increased periorbital cerebrospinal fluid
(CSF) space (Table 1). Metabolic workup and chromo-
somal microarray analysis were unremarkable.

Whole-exome sequencing (WES) identified a nov-
el heterozygous frameshift variant in the K/F'// gene,
NM 004523.4: ¢.2224 2225del (p. Asn742TyrfsTer6).
This variant is absent in population databases (gnomAD,
1000 Genomes Project, ExAC) and was classified as patho-
genic according to American College of Medical Genetics
and Genomics (ACMG) criteria (PVS1, PM2, PM6). Seg-
regation analysis confirmed the de novo nature of the
variant (Figure 3).

Patient 2-7

Patient 2: A 2-month-old male infant, born to non-
consanguineous and healthy parents at 38 weeks of gesta-
tion with a birth weight of 3200 g, presented to the medical
genetics’ clinic for evaluation of a potential genetic etiol-
ogy. Prenatal ultrasound findings had revealed bilateral
dorsal pedal edema and mild polyhydramnios, prompting
the referral. Non-invasive prenatal testing (NIPT) excluded
common chromosomal abnormalities, including trisomy’s
13, 18, 21, and sex chromosome anomalies.

Postnatally, the patient exhibited bilateral dorsal pedal
edema and facial dysmorphism, leading to a presumptive
diagnosis of Milroy disease (Figure 1). At four months of
age, the infant underwent surgical intervention for cra-
niosynostosis. Pedigree analysis (Figure 2) disclosed two
maternal aunts with cognitive impairment, microcephaly,
and visual impairments, one of whom also had a history
of craniosynostosis (Table 1).

At two months of age, clinical examination revealed
a height of 57 cm (-0.57 SDS), a weight of 5.5 kg (-0.22
SDS), and a head circumference of 37 cm (-2.15 SDS).
Notable dysmorphological features included microceph-
aly, up slanting palpebral fissures, anteverted nares with
a broad nasal tip, retrognathia, prominent ears, bilateral
dorsal pedal edema, and hypoplastic toenails (Figure 1).
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Table 1. Clinical Features of patients With KIF11 variants.

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7

‘ltJ;Eif'tltlde €.2224 2225del ¢.2946dupT ¢.2946dupT ¢.2946dupT ¢.2946dupT ¢.2946dupT ¢.2946dupT
:lrtz:'ealtlzon p.Asn742TyrfsTer6 |p.Leu983SerfsTer6 |p.Leu983SerfsTer6 |p.Leu983SerfsTer6 |p.Leu983SerfsTer6 |p.Leud83SerfsTer6 |p.Leu9d83SerfsTer6
Inheritance |De novo Maternal Maternal Maternal Maternal Maternal NA
Microcephaly |(-3 SDS) (-2.15 SDS) (+) ) (+) +) +)

Myopia,

Astigmatism,
Eye Keratoconus, . Cataract, Severe ..
abnormalities |Bilateral optic nerve ©) Myopia ©) vision loss Severe vision loss  |NA

hypoplasia, Bilateral

staphyloma

Dorsal pedal

Lymphedema |(-) el O 0 5 0 0
Intellectual i
disability Moderate (-) (-) (-) Severe Severe Mild
Seizures Afebrile seizures  |(-) (-) () () (-) (=)

Sloping forehead,  |Upslanting palpebral

synophrysis, fissures, anteverted
Dysmorphic |bilateral esotropia, ~[nares and broad nasal
findings retrognathia and tip, retrognathia, NA ©) NA NA NA

clinodactyly of the ~|prominent ears,

fifth finger hypoplasic toenails
Additional  |Increased periorbital
clinical CSF distance on Craniosynostosis  [(-) (-) Craniosynostosis ~ |(-) (-)
features brain MRI, Tantrums

(NA: Not Avaliable)

Figure 1. Clinical Features of Patient 2. a, b. Facial phenotype of Patient 2. Note broad nasal tip, anteverted nares, upslanted palpebral
fissures, retrognathia and prominent ears. ¢. Lymphedema of the dorsum of the foot and hypoplasic toenails.

Despite these features, the patient’s motor development
was within normal limits, with walking initiated at 11
months and speech development at 12 months.
Abdominal and renal ultrasonography yielded normal
results. Brain MRI showed no abnormalities, and echocar-
diogram (ECHO) revealed a small secundum atrial septal
defect (ASD). Vision and hearing tests were unremarkable,
and karyotype analysis showed a normal 46, XY pattern.
Whole exome sequencing (WES) identified a nov-
el heterozygous frameshift variant in the K/F// gene,

NM_004523.4: ¢.2946dup (p. Leu983SerfsTer6). This vari-
ant was absent in population databases (gnomAD, 1000
Genomes Project, ExAC) and was classified as pathogenic
according to the ACMG criteria (PVS1, PM2, PP1, PP4).
Segregation analysis revealed the variant to be maternally
inherited. Subsequent family screening identified the vari-
ant in the heterozygous state in the patient’s sister, maternal
grandmother, and two affected maternal aunts (Figure 2).

Clinical examination of family members carrying
the variant revealed microcephaly in the mother, sister,
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Figure 2. Pedigree of affected family and sanger sequencing data of the K/F'11 gene NM_004523.4: ¢.2946dup (p.Leu983SerTer6) variant.
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Figure 3. Sanger sequencing chromatograms of Patient | and his paren-
ts were obtained. Patient 1 carried the NM_004523.4:¢.2224 2225del
(p-Asn742TyrfsTer6) variant in the KIF'11 gene. This variant was
identified as de novo, and no deletion was observed in the sequences
of either parent.

grandmother, and two aunts. Although the mother and
grandmother did not exhibit lymphedema or visual dis-
turbances, the grandmother demonstrated mild cognitive
impairment. The sister had -2.5 diopters of myopia but

4

lacked cognitive deficits or lymphedema. The affected
aunts showed severe cognitive impairment and advanced
congenital vision loss, with one aunt also presenting with
cataracts and craniosynostosis (Table 1).

DISCUSSION

This study presents two index patients and five family
members from different families, all exhibiting the clini-
cal phenotype of MCLMR, in which two distinct novel
variants in the K/F'11 gene were identified. The severity of
clinical manifestations varies across three generations of
affected family members. Variants in the K/F'/1 gene have
previously been associated with the “Microcephaly with
or without Chorioretinopathy, Lymphedema, or Impaired
Intellectual Development” phenotype (OMIM: 152950)
(https://www.omim.org/), which is characterized by the
presence of four common features: microcephaly, intel-
lectual disability, lymphedema, and chorioretinopathy.
Subsequent studies have also linked variants in the KIF'11
gene to the Familial Exudative Vitreoretinopathy (FEVR)
phenotype [8, 10, 15, 16]. Some patients with K/F11 vari-
ants present with isolated FEVR features [2], while oth-
ers exhibit additional features, including microcephaly,
intellectual disability, and lymphedema [1, 8, 9, 17, 18].
This has led to the suggestion that FEVR and MCLMR
phenotypes may overlap [8, 9, 17]. The underlying reasons
why certain K/F'1] gene variants lead to the MCLMR
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phenotype while others result in FEVR remain an area of
ongoing investigation.

Ocular anomalies (72%) are among the most com-
mon features of the syndrome [5]. Ocular phenotypes in
MCLMR patients have been reported to include chorioreti-
nal dysplasia, retinal dystrophy, microphthalmia, nystag-
mus, myopia, hyperopia, astigmatism, and blindness [1-3,
10, 19-22]. There is significant variability in the ocular
phenotype, even among family members carrying the same
variant and between the two eyes of an individual [1, 10,
23]. Detailed eye examinations are essential for the early
detection of ocular anomalies in patients who present with
other features of the syndrome. In this study, Patient 1
exhibited myopia (-10.5), astigmatism (-4.5), along with
keratoconus and optic nerve hypoplasia, which have been
rarely reported in previous studies (Table 1). In Patient 2,
no pathological ocular findings were observed at the age of
one, while the patient’s sister, who carried the same vari-
ant, had -2.5 diopters of myopia. The mother had normal
eye findings, while the two maternal aunts experienced
congenital severe vision loss, with one of them having a
history of cataract surgery (Table 1).

Other features of the syndrome also demonstrate
variability across studies. The most common clinical
features in MCLMR syndrome, in order of frequency,
are microcephaly, ocular anomalies, intellectual disabil-
ity, and lymphedema. None of these features exhibit full
penetrance, and their severity and distribution vary even
among patients with the same variant. While the frequen-
cies of these features range from 40% to 75% in different
studies, the de novo inheritance rate is high, and incom-
plete penetrance has been reported in familial patients,
with parents carrying the variant showing variability in
clinical expression [1, 2, 5, 18].

Microcephaly (91%) is typically congenital and is the
most common finding in the syndrome, with its severity
ranging from -2 SDS to -9.5 SDS [5]. In the first reported
cohort of patients, all patients exhibited microcephaly
[1]. However, subsequent studies have reported patients
without [2, 5, 18]. In some instances, the degree of micro-
cephaly may be mild, potentially delaying clinical diag-
nosis. In the present study, the presence of microcephaly
in the mother and sister of patient 2 was revealed during
genetic analysis (Table 1).

Previous literature has reported that lymphedema oc-
curs in 47% of patients within a cohort of 87 individuals [5].
Lymphedema typically affects the lower extremities and is
often detected in the neonatal period. However, a few patients
with adult-onset, intermittent lymphedema have also been
described [2]. In our study, lymphedema was detected pre-
natally in patient 2 via ultrasound, prompting referral to the
medical genetics’ clinic. To our knowledge, this is the first

reported patient of dorsal pedal edema occurring in the pre-
natal period in MCLMR syndrome patients. No lymphedema
was observed in patient 1 or among the family members of
patient 2 carrying the same variant (Table 1). This finding
is significant as it suggests that K/F'1]/ gene variants may
present with dorsal pedal edema during the prenatal period.

Cognitive functions in patients with MCLMR syn-
drome range from normal to varying degrees of intellectual
disability, from mild to severe. Rarely, neurobehavioral
symptoms such as ADHD, sleep disorders, agitation, and
autism have been reported [2, 3]. In our patients, Patient
1 received support education due to learning difficulties
and also underwent therapy for anger outbursts, showing
positive outcomes. The mother and sister of patient 2, both
carrying the same variant, exhibited normal intellectual
development, while both of the patient’s aunts had severe
intellectual disability (Table 1).

In addition to the commonly observed features of
the syndrome in our study, patient 1 also had a history of
seizures, which is less frequently reported in the literature
[1, 3, 18]. The seizures were well-controlled with antiepi-
leptic medication (Table 1). Both patient 2 and one of the
patient’s aunts exhibited signs of craniosynostosis, and
patient 2 underwent surgery for this condition (Table 1).
Whole exome sequencing (WES) analysis did not identify
any significant variants associated with craniosynostosis.
To date, craniosynostosis has not been previously reported
in MCLMR syndrome, and this finding may represent a
novel phenotypic component of the syndrome.

The KIF11 gene encodes the KIF11 (Eg5) protein, a
microtubule motor protein involved in mitosis. Eg5 also
plays roles in non-mitotic functions such as endothelial cell
proliferation, secretion of protein transport, and protein
translation [13, 24, 25]. Over 100 pathogenic/likely patho-
genic variants in the KIF'11 gene have been reported, affect-
ing all three functional domains of the KIF11 (Eg5) protein
(https://www.ncbi.nlm.nih.gov/clinvar/). Most of these
variants result in truncated protein formation, and previous
studies suggest that this mechanism is linked to “loss of
function” and haploinsufficiency [18]. The protein consists
of three functional regions: a microtubule-binding motor
region, a stalk region, and a tail region [9]. In this study, the
two distinct novel variants identified are predicted to result
in the loss of the tail domain (p. Asn742TyrfsTer6) and the
loss of 67 amino acids in the C-terminal region of KIF11
(p. Leu983SerfsTer6). A review of the literature reveals
no significant phenotypic differences between cases with
missense and truncating variants [S]. A thorough search
of the literature indicates that clinical phenotypes cannot
be reliably predicted based solely on the domain or type
of variant, suggesting that a clear genotype-phenotype
correlation cannot be established.
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In this study, we present seven patients from two dif-
ferent families with variants in the K/F'// gene, demonstrat-
ing extreme clinical heterogeneity. This study expands the
genotypic and phenotypic spectrum of MCLMR syndrome
by introducing novel clinical findings and genetic variants.
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